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NOTES AND COMMENTS 
Animal models and Lyme disease 
Studies using animal models have provided valuable 
information regarding the pathogenesis and immuno- 
prophylaxis of Lyme borreliosis. Rodents and the 
rhesus monkey have been the main animal models used 
so far, providing knowledge of the host immune 
response and the behavior of bacteria in these hosts. A 
recently published report by Foley and colleagues [l]  
on New Zealand White (NZW) rabbits has also been 
promising. 
Lyme borreliosis, caused by Borrelia burgdorferi sensu 
lato, is found worldwide and has three main pro- 
tagonists: Tick vectors; rodents; and deer [2]. Humans 
represent an accidental host in whom a multisystemic 
infection develops after a tick bite. Lyme borreliosis can 
be separated into three phases [3]. Early infection is 
characterized by localized erythema migrans (erythema 
chronicum migrans; ECM), where the borrelia spread 
locally in the skin and are responsible for lymphocytic 
infiltration. The second phase is identified as a dis- 
seminated infection with fever, malaise and musculo- 
skeletal pain; B. burgdolferi has been recovered from 
the bloodstream and is seen in s m a l l  numbers in 
myocardium, retina, muscle, bone synovium, spleen, 
liver, meninges and brain. The third stage comprises 
late or persistent infection characterized by episodes of 
arthritis, neuroborreliosis - syndromes involving both 
the central and peripheral nervous systems - and 
acrodermatitis chronica atrophicans (ACA), a late skin 
manifestation that was well described in the beginning 
of this century in Europe. The clinical symptoms 
described in Lyme borreliosis may be the consequence 
of immunopathological mechanisms based on an 
immunological cross-reactivity between borrelia and 
human antigens [4]. 
Genomic heterogeneity has recently been 
described, with deoxyribonucleic acid (DNA)-based 
identifications of at least four genomic. species: B. 
burgdorfeeri; Borrelia garinii; Borrelia afielii; and Borrelia 
japonica (non-pathogenic) [5]. This differentiation has 
also been demonstrated clinically as one genomic 
species may be associated with a specific symptom, for 
example, B. burgdorferi with arthritis, B. garinii with 
neurological manifestations and B. afielii with late 
cutaneous mamfestations. 
Borrelia burgdorferi possesses a s m a l l  linear chromo- 
some (1 Mbp) associated with linear and circular 
replicons [5]. Studies of these linear elements have 
provided clues as to their origin in bacteria and, in 
particular, evidence of a potential genetic exchange 
between prokaryotes and eukaryotes [6]. This raises the 
possibihty of pathogenic coexistence within the tick, 
resulting in differences between tick bite-injected 
borrelia in comparison to intraperitoneal and intra- 
dermal preparations. 
The result of these various factors is an increased 
difficulty in choosing a convenient and cost-effective 
animal model to enable understandmg of the dfferent 
pathological mechanisms observed in the progression of 
Lyme borreliosis. Research using animal models has 
provided valuable insights into the pathogenesis of 
Lyme disease and potentially effective immuno- 
prophylaxis [7]. Infection has been established in a large 
variety of laboratory animals including rodents, rabbits 
and dogs. The major results obtained from such studies 
include the minimum attachment time for the tick to 
establish an infection and the development of whole- 
cell vaccines in dogs. 
However, none of these models is able to mimic 
the broad range of symptoms observed in humans. 
Rabbits infected either intradermally or with a tick bite 
develop ECM, but no chronic infection was established 
until the recent model developed by Foley and 
coworkers [l]. In this model, reproducible ECM, 
persistent skin infection and visceral dissemination were 
induced in adult male NZW rabbits after intradermal 
injection of as few as lo3 B. burgdolferi organisms. Small, 
severely immunocompromised laboratory animals 
(SCID mouse) develop severe symptoms, including a 
typical Lyme arthritis, carditis, nephritis and hepatitis. 
However, neurological lesions have not been observed. 
Inbred mice have been used to define haplotype 
susceptibhty and to study the pathogenesis of arthritis 
and carditis, and C3H mice have been usehl for 
correlating genetic markers and the development of 
chronic or late infection. 
The rhesus monkey is the best-described model [7] 
as tick bite-infected monkeys present with the wide 
range of manifestations seen in humans. Important 
results may be obtained from neurological studies with 
this model, using medlcal non-invasive approaches 
similar to those developed for humans. Furthermore, 
the authors showed that joint damage was associated 
with the presence of spirochetes, which is hrther 
evidence that chronic arthritis is caused by persistent 
infection. In contrast, the NZW rabbit is usually 
able to clear the infection within 12 weeks. This 
may represent a true benefit in studying protective 
immunity derived from infection as, after 5 months, the 
rabbits were immune to challenge [I]. 
The level of protection was correlated with the 
number of passages of the bacterium in vitro. This 
characteristic of B. burgdotfen' sensu lato was described by 
72 
Notes a n d  Comments 73 
Schwan, who demonstrated the loss of virulence after 
growth in vitro and correlated such loss with the loss 
of plasmids. Similarly, Norris identified lipoproteins 
present in low-passage compared with high-passage 
strains, and Foley and coworkers, using extensive 
adsorption of rabbit serum against high-passage strains, 
were able to identifjr those lipoproteins as well as seven 
others to highlight new targets for a potential subunit 
vaccine [l]. In contrast, the lipoprotein OspA, shown 
to be protective in the mouse model, was always present 
regardless of the number of passages. 
Animal models have proved useful in evaluating 
effective immunoprophylaxis. The OspA gene products 
provide effective protection against an infectious 
challenge when used in its lipoprotein form and is now 
undergoing clinical trials. However, uncertainties 
persist as to its efficacy, as there is a molecular hetero- 
geneity in the OspA amino-acid sequence that may 
explain the absence of protection when heterologous 
strains are challenged [7]. Unlike the situation in the 
United States, Europe harbors multiple genospecies 
and a s d a r  experiment may produce dlfferent results. 
Could these new virulence-associated antigens, as 
defined by Foley and colleagues, represent potential 
components of a second-generation subunit vaccine 
against Lyme disease? Trials with the NZW rabbit or 
the rhesus monkey should provide an answer to this 
question. 
Lyme disease can now be studied using animal 
models. Facilities and cost have to be considered when 
comparing model efficiency. The rhesus monkey 
appears to be most helpful in understanding the 
complexity of Lyme borreliosis, especially the neuro- 
logical aspects, whereas the NZW rabbit model, as 
developed by Foley and coworkers, is particularly 
promising in the study of infection-derived immunity. 
The fact that these workers were able to establish 
reproducible ECM and dissemination indicates a 
further benefit of the study of Lyme disease in a small 
laboratory animal. 
Jean Louis Herrmann 
Paris, France 
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Skin and post-surgical wound infections due to 
Staphylococcus lugdunensis 
Staphylococcus lugdunensis is a coagulase-negative 
staphylococcus which can be misidentified as 
Staphylococcus aureus on the basis of fibrinogen affinity 
factor production (58 to 79% positive) and from the 
expression (although weak) of thermostable DNAse, 
two features that are characteristic - and often 
considered diagnostic - of S. aureus [l]. Many of the 
infections caused by S. lugdunensis are similar to those 
caused by S. aureus: There have been 23 cases of 
infective endocarditis caused by S. lugdunensis with a 
high rate of mortality (70%; 16 of 23) [2-51, and a range 
of other severe infections, including brain abscess, 
continuous ambulatory peritoneal dialysis (CAPD)- 
associated peritonitis, vascular prosthetic infections, 
osteomyelitis and septic arthritis, have also been 
reported [6,7]. 
Staphylococcus aureus is the most common cause 
of skin and soft tissue infections, such as boils and 
abscesses, as well as post-operative wound idections. 
However, skin and post-operative wound infections 
due to S. lugdunensis have been reported in only 
one retrospective study involving the collection of 
staphylococci carried out at Ohio State University 
Hospital [8]. As these infections have never been 
studied in prospective nationwide surveys, a decision 
was made to take advantage of a network of French 
laboratories in cooperation with the Centre National 
de Rkfkrence des Staphylocoques (Lyon, France) to 
investigate skin and wound infections caused by S. 
lugdunensis. 
Microbiologists from 16 cities in France as well as 
from London (UK), Brussels (Belgium) and Cologne 
(Germany) were asked to collect S. lugdunensis isolated 
from skin and post-surgical wound infections during an 
18-month period. A standard proforma for each case 
was completed, including the clinical characteristics of 
the infections. The inclusion criteria for infections 
were the spontaneous presence of pus or purulent 
drainage after incision. All isolates and any corres- 
ponding information were sent to the Centre National 
de Rkfkrence des Staphylocoques in Lyon. 
A total of 82 forms were received with accom- 
